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Introduction
As the survival rate of patients with head and neck cancer (HNC) continues to improve over the past years, attention has been growing towards survivorship and rehabilitation care [1] . After total laryngectomy, rehabilitation of HNC survivors focuses on restoration of functions such as the ability to phonate and the improvement of pulmonary function. Placement of a voice prosthesis, an internal valve which is implanted in the tracheoesophageal wall, gives optimal voice rehabilitation [2, 3] . The heat and moisture exchanger (HME) minimizes pulmonary problems by providing stoma occlusion and ensuring humidification, heating and filtering of inhaled air [4] [5] [6] [7] . In addition, the utilization of voice prostheses and HMEs has contributed to the improvement of patients' quality of life (QoL) [3, [5] [6] [7] [8] .
Yet, in spite of the valuable role of the voice prosthesis and HME, device access for laryngectomy patients, defined in this study as 'effective patient access', is not always provided in the European Union (EU) [9] . Effective patient access is enabled by reimbursement and prescription practices, which may be driven by the physician's knowledge as well as perceived ease of use and usefulness of the device [10] [11] [12] .
Factors influencing device's ease of use and usefulness can be evaluated by the Technology Acceptance Model (TAM) described by behavioral intention and actual usage of a device are influenced. This framework consists of the key elements that can properly facilitate the exploration of factors that affect physicians' decisions to prescribe the voice prosthesis and HME.
Evidence on the prescription of medical devices (in general) is scarce and dependent on the device type. Furthermore, information regarding reimbursement in different EU countries remains incomplete [11, 13] . Publications specifically related to prescription and reimbursement of the voice prosthesis and HME mostly describe reimbursement issues (e.g. lack of reimbursement, restrictions to reimbursement dependent on a maximum amount or number of devices provided) in EU countries (see details in Appendix A) [9, [14] [15] [16] [17] [18] . A comprehensive overview of prescription practices and reimbursement systems of the voice prosthesis and HME could bring forth insights to improve effective access.
Therefore, the aim of this mixed methods study is to evaluate factors influencing prescription and reimbursement of voice prostheses and HMEs, and to identify barriers to and facilitators of effective patient access in the EU.
Materials and methods
We performed a survey among head and neck surgeons and medical device representatives to study patient access in eight EU countries. Sequentially, we conducted interviews with the representatives to gather into-depth insights from the supplier perspective into the barriers and facilitators identified in the survey.
Online survey
An online survey was developed focusing on: physician's prescription (Part 1) and reimbursement (Part 2) of voice prostheses and HMEs, and barriers to and facilitators of effective patient access (Part 3). Part 1 was completed by head and neck surgeons who treated laryngectomy patients in Belgium, France, Germany, Italy, the Netherlands, Poland, Spain and the UK. As head and neck surgeons play a key role in the provision of both devices in the EU, we selected them to complete the first survey of the study. The contact details of the surgeons were obtained through the networks of some healthcare professionals employed at the Netherlands Cancer institute (NKI-AVL). All surgeons were sent an e-mail with information regarding the study including a survey link for participation. A minimum of three to four respondents per country was decided upon a priori. Part 2 and 3 were completed by representatives (managers) (n = 8) employed at a medical device company in the respective countries. Because the representatives are wellversed with policy-and practice-related matters regarding device use, it was assumed that they could provide a representative overview on device reimbursement and access at a national level.
In Part 1 of the online survey, various factors influencing prescription of both devices were questioned by applying the TAM (Fig. 1 ) [12] . TAM is considered to be a robust model and is often used in Information Technology (IT). According to TAM, two beliefs -the perceived usefulness and perceived ease of use -determine the attitude towards using the technology, thereby also affecting behavioral intention and use. These beliefs are influenced by multiple external factors [19] . Based on the available literature and input from a multidisciplinary panel, we identified important possible factors to consider and defined the questions [19] . The panel consisted of clinicians, experts in the field of health technology assessment and the head of clinical affairs of a device company. Also, the innovativeness was characterized by the diffusion theory of Rogers [20] . Five categories were distinguished within the external factors: organizational, economical, clinical, physician-and patient-related. Each category contains several factors, shown in Fig. 1 , which were covered with at least one item in the survey. In addition, two items reflected the behavioral intention and actual use of the devices. Table 2 . The remaining factors are stated in italic in the figure.
Multiple choice items regarding the reimbursement of voice prostheses and HMEs (Part 2) were developed based on publications included in a previous systematic literature review [11, [21] [22] [23] [24] [25] [26] . The items reflected key aspects of reimbursement described in the review. These aspects included: reimbursement scheme (e.g. hospital budget), level of reimbursement (e.g. national, regional), restrictions to reimbursement and type of payer (e.g. health insurer, out of pocket payment). Questions were addressed for both devices separately.
Part 3 of the survey comprised of open items concerning barriers to and facilitators of effective patient access to the voice prosthesis and HME, and asked at the reimbursement, physician's and patient's level.
Before dissemination, the survey was reviewed by a team of experts consisting of researchers specialized in the field of health technology assessment, speech-language pathologists (SLPs) and head and neck surgeons involved in laryngectomy rehabilitation prior to the start of the study. To prevent the occurrence of missing data, the online tool required completion of all questions in the survey.
Semi-structured interviews
Semi-structured telephone interviews were carried out with each representative of the medical device industry by both the first author and a research assistant. Part 2 and 3 of the survey, including a combination of multiple choice and open items, were used to perform a more in-depth exploration of the barriers to and facilitators of effective patient access reported in the survey. If necessary, data from the survey was confirmed and clarified with the respondents.
Analysis
Available data in the literature was compared across EU countries. In Part 1, the external factors were interpreted as either having a facilitating or restrictive effect on the actual device use, in case the majority (> 50%) of the respondents indicated the factors to be favorable or unfavorable of device prescription respectively. The results of the survey were analyzed by utilization (users versus non-users) and country.
The semi-structured interviews were recorded and transcribed verbatim by two trained typists. Subsequently, the first author coded text fragments according to: type of factor (barrier/facilitator), type of device (voice prosthesis/HME) and level of access (reimbursement/physician/patient). Coding of the fragments, performed by the first author, was checked by the second author. Next, the coding was confirmed by the representatives. Results were compared among EU countries.
Results

Survey and semi-structured interviews Part 1: Physician's prescription of the voice prosthesis and HME
In total, 36 out of 110 head and neck surgeons employed in 30 different hospitals in Belgium (n = 4), France (n = 6), Germany (n = 5), Italy (n = 4), the Netherlands (n = 6), Poland (n = 5), Spain (n = 3) and the UK (n = 3) completed the survey. Table 1 provides an overview of their demographics. Most respondents were male (83%) and employed in an academic center (89%). Of the surgeons, 81% performed > 10 total laryngectomies annually.
First, we analyzed the data focusing on the group of non-users compared to the users. All 36 surgeons were experienced in fitting voice prostheses. Four (11%) surgeons in Poland (n = 3) and Italy (n = 1) did not use HMEs in practice. Three of these surgeons had the intention to use HMEs, and one surgeon did not report his intention. Absence of reimbursement was reported by all non-users. Lack of training/experience and feeling uncomfortable with HME use were reported by Polish non-users. The non-users confirmed that these factors were restrictive on the actual use.
Second, we evaluated the effect of the factors across EU countries. In Table 2 , the effect (restrictive or facilitating) of the factors on access to the voice prosthesis are displayed per country (complete overview including the HME is provided in Appendix B). Most notable results are outlined in this section. In the Netherlands and the UK, no restrictive factors were identified. The UK was the only country where responses regarding reimbursement were inconclusive, meaning answers varied (answered by respondents: 'yes', 'sometimes', 'no', or 'I don't know') and no majority was identified. In Belgium, reimbursement was available but restricted to five voice prostheses and 200 HMEs per patient yearly. Here, hospital guidelines for both devices were available for two of the four surgeons. Poor guideline implementation was the only restrictive factor mentioned by the majority of respondents in France (n = 5) and Germany (n = 3). Decrease of the social expenditure by HME implementation was expected in Germany (n = 3) [27] . In Italy, the reimbursement of voice prostheses was restricted to the number provided per year, and surgeons experienced increased workload through use of voice prostheses (n = 3) and HMEs (n = 2). In addition, the majority reported absence of guidelines. In Poland, the HME was not reimbursed but paid by the patient (n = 3). Furthermore, the HME was not available in their hospital. Increase in hospital and social expenditure by the HME was reported by 4 surgeons. With regard to Spain, no device guidelines were available. In addition, device implementation was thought to reduce societal costs, but increase hospital expenditure (n = 2). Insufficient staff, lack of HME training, and increased physician workload by device implementation were reported (n = 2).
Third, the remaining factors (in italic in Fig. 1 ) were analyzed. Most hospitals used tracheoesophageal speech as the standard care for voice restoration, whereas two hospitals in France and Italy applied standard esophageal speech. Standard care as taught during residency consisted of tracheoesophageal speech (n = 22) and esophageal speech (n = 14). Surgeons in Italy, Spain and Poland were interested in practical and theoretical device training. Innovativeness was questioned in the survey according to Rogers' diffusion theory. Most surgeons (n = 20) reported to be early adopters, 10 surgeons were late majorities, including the Polish non-HME-users, and six were innovators [20] . Thirty surgeons reported shared decision-making. In addition, most respondents in Germany, France, Italy and Poland indicated that patient associations (promoting either tracheoesophageal, esophageal speech or Abbreviations: HME, heat and moisture exchanger; UK, United Kingdom.
electrolarynx) have an impact on speech preference of patients. Table 3 provides an overview of the reimbursement systems applied to the voice prosthesis and HME in the EU.
Part 2: Reimbursement systems
Belgium applies a lump sum in the inpatient sector. The lump sum is dependent on the maximum price per voice prosthesis and a fixed number of HMEs (regardless of the unit price). The sum is mainly funded by the Belgian National Health Insurance (NHI). In addition, a small contribution is made by the patient quarterly. Excess costs are paid by the hospital or the patient.
In France, the voice prosthesis and HME are funded by the NHI in the outpatient sector through a list of products and services qualifying for reimbursement (Liste des Produits et Prestations Remboursable -LPPR) under the generic line (existing categories) and brand name (innovative devices) respectively.
Reimbursement in Germany is dependent on the type of insurance: the Statutory (SHI) or Private Health Insurance (PHI). The (first) devices applied postoperatively are included in the diagnosis-related group (DRG) of the laryngectomy. During follow-up, devices are reimbursed under the flat rate system. The system provides a monthly fixed amount covering (unlimited) rehabilitation care including nurses. The PHI insures through 'itemized billing': patients order at the medical device company and receive an invoice for the insurer.
In Italy, the voice prosthesis is paid through per-case tariffs (DRGbased) funded regionally through the Italian National Health Service (NHS). The HME is paid by the health districts or the patient.
In the Netherlands, the voice prosthesis is provided nationally using a DRG-based DBC (Diagnose Behandel Combinatie) system. The HME is incorporated in a reimbursement list and funded through itemized Table 2 Survey results: Factors influencing physician's prescription of the voice prosthesis (n = 36).
The abbreviations used in the table are explained below the table. The overview is based on answers that were given by the majority (> 50%) of respondents. When the respondents' answers were uniform (e.g. all respondents answered 'yes'), this is indicated with an asterisk ('Y * '). In case respondents' answers to the question varied within a country and no majority could be identified, this was stated as inconclusive (IC). Responses that are interpreted as facilitating to effective patient access are marked in green; responses that are interpreted as restrictive to effective patient access are marked in red. No influence is indicated without markings. Grey markings were given when answers were inconclusive, or in case the majority answered 'I don't know' or 'not applicable'. 'Influence on social expenditure' was defined as the impact of device implementation in practice on the societal costs (e.g. positive influence of device use on return to work reduces cash benefits for unemployed patients) derived from the definition stated by the Organisation for Economic Co-operation and Development (OECD) [27] . 'Influence on hospital and social expenditure': 'Y' indicates that the device use results in an increase in the expenditure; 'N' indicates that the device use has no influence (not marked) or results in a decrease in expenditure (marked in green).
billing. Patients pay an annual fixed amount, 'the own risk excess', after which the device costs are covered by the PHI.
The hospital budget pays for the voice prosthesis in Poland. The budget is funded by the NHS post factum. The HME is paid by the patients.
Spain and the UK also fund the voice prosthesis out of the hospital budget, which is provided by the Ministry of Health (MOH) and NHS respectively. The HME is incorporated in a reimbursement list funded through itemized billing.
Part 3: Barriers to and facilitators of effective patient access to voice prosthesis and HME
Barriers and facilitators are outlined in Table 4 per level of access. Lack of reimbursement is a barrier to access the HME in Poland and Italy, resulting in out of pocket payment by the patient. Restrictions on budget and device provision were mentioned in Belgium (e.g. fixed lump sum) and Poland (e.g. hospital budget and incentives of health policy makers). In Germany, an unrestricted flat rate system is applied, whereas provision may be constrained when distributors are not profitable. The presence of reimbursement or access to a reimbursement list was mentioned as a facilitator in the Netherlands and the UK.
Positive opinions on the device as well as device support from hospitals (e.g. political lobby), patient associations, healthcare professionals (e.g. informing patients) and manufacturers were reported among Belgium, Italy and Spain. In Germany and France, absence of support by the physician and patient associations negatively affected prescription and utilization respectively.
Available clinical evidence on the device is a facilitator to access in the Netherlands and France. Guideline implementation has a positive influence on reimbursement in Italy, whereas guideline absence was reported in Poland.
Increased physician workload by device prescription (e.g. providing rehabilitation care, administration) and a lack of rehabilitation personnel was stated in France, Italy, Poland and Spain. In Spain, a rehabilitation team with SLPs is sometimes facilitated to support the physician.
(Lack of) education or experience of patients and healthcare professionals (SLPs and physicians) were mentioned either as a barrier or facilitator (France, Spain, Poland and the UK).
Positive device-specific features mentioned in the Netherlands and the UK included quality of the device, ease of use, performance (e.g. improvement of voice quality and QoL) and device lifetime. Complications or negative experiences related to the device were hindering access in the Poland, Spain and the UK. Other barriers to physician's prescription or patient's utilization that were mentioned: preferred esophageal speech (Italy), maintenance of traditions related to non-usage (Poland and Italy), isolation of and prioritization by patients (France), secondary puncture for voice prosthesis placement (Spain) and the requirement for hospitalization during voice prosthesis replacement (Poland).
Discussion
To our knowledge, this is one of the first studies in the HNC field presenting drivers to prescription and reimbursement of voice prostheses and HMEs in eight EU countries. In addition, this analysis included identification of barriers to and facilitators of effective patient access. Access to the voice prosthesis was established through (indirect) funding and prescription by all respondents. The HME was not reimbursed in Poland and Italy. At the individual level, four surgeons did not prescribe the HME. Compared to the HME-users, the four non-HMEusers encountered specific restrictive factors including absence of reimbursement, lack of experience/training of the surgeons and feeling uncomfortable with the HME usage. At a country-based level, most restrictive factors were identified for Poland, Spain and Italy, and included -among the factors related to non-users -increased physician workload and insufficient number of staff. Guideline absence was stated by respondents from Germany, France, Spain and Italy. From the interviews, restrictions to reimbursement (e.g. fixed lump sum), lack of physician's and patient's education, increased workload and complications after device use were the most common barriers. Most common facilitators to effective patient access were providing education to healthcare professionals and patients, and support from healthcare professionals regarding the device.
Our results were in accordance with findings on device access in literature. In our study, absence of reimbursement applied to all nonusers in Italy and Poland, although most of them had the intention to use HMEs. Thus, financial reimbursement is an important barrier in physician's prescription, and the representatives stated this accordingly. This was also found in the study of Van der Houwen et al., 
Table 4
Survey and interview results: Barriers of and facilitators to effective access to voice prosthesis and HME according to the different levels (reimbursement/physician/patient). Further explanation on the barriers and facilitators is provided in Part 3 of the Results section (n = 8).
Barriers Facilitators
Reimbursement level
What are barriers of and facilitators to reimbursement of the voice prosthesis and HME? Belgium describing a large difference in adhesives utilization by laryngectomized patients between reimbursing and non-reimbursing countries [16] . In studies previously published on cardiac implantable devices and transcatheter aortic valve (TAVR) implants utilization, similar results were observed [28, 29] . In addition, the frequency of prosthesis replacements is dependent on the country's reimbursement system, as DRG-based systems enable adequate device access (e.g. regular prosthesis replacements) in contrary to hospital budgets which are being led by restrictions on funding [18] . For instance, the voice prosthesis is replaced six times per year in the Netherlands, whereas in Spain this was reported to be only three times [30, 31] . Within the EU, countries with regional autonomy such as Italy and Spain encounter more barriers to effective patient access. As a consequence, device utilization is lower in these countries than those with national reimbursement (data not shown). Decentralized healthcare systems are more susceptible to variations in device reimbursement (e.g. funding at the hospital level) and differences in provision between the regions, of which the latter is strongly dependent on physician-related factors [32] . In this study, physician-related factors for non-usage included lack of training during residency and feeling uncomfortable with using the device. Three of the four non-users tend to start using the device in a late stage of device diffusion, whereas most users were early adopters. At the physician level, Cappellaro et al. also described the cultural background of the physician as to impact device provision [11] . At an organizational level, absence of guidelines was a restrictive factor for device provision reported in four out of eight countries. This barrier was also described by Boriani et al. for cardiac device implementation [33] . Several limitations should be taken into account. To identify factors influencing device prescription, comparing data of users and non-users is inevitable. Although we believe that the responses of the 36 surgeons provided a good representation of current practices, a small bias cannot be excluded. We may not have captured all the possible variation within each country. This may be caused because we either did not identify non-users of the voice prosthesis in the sample of the study, or the non-users did not respond. For instance, we know that in most countries where utilization of the voice prosthesis is not optimal, (e.g. Spain and Italy) many patients still rely on esophageal speech. This selection bias may be caused by the fact that, although we achieved to include 30 hospitals in this study, most responding surgeons were employed in an academic hospital. Also, as the degree of concentration of HNC care differs among EU countries, some variation in the restrictive factors may not have been identified in countries with less concentrated care. A possible limitation of the study is that only representatives employed at one medical device company participated in the study. On the other hand, there are only two leading companies in the EU and no differences exist in device reimbursement and patient access. Some discrepancies were found in responses from surgeons and representatives. Regarding reimbursement-related issues, representatives focused on reimbursement systems, whereas surgeons' responses also included other financial support (e.g. health districts in Italy). Barriers and facilitators were partly obtained from device company representatives, who might be biased as they also represent other interests (e.g. device marketing). Several strengths of the study include applying the TAM framework to evaluate device use, and the involvement of various stakeholders in the survey. This study is unique because, to our knowledge, this is the first study in the field of HNC to provide insight on reimbursement as well as prescription of HNC-specific devices, and on facilitating and restrictive factors affecting patient device use in eight EU countries. Ultimately, these results can be used in optimizing access to these devices.
For further research, we recommend obtaining more data from nonusers of the voice prostheses and HMEs, especially in (regions of) countries with lower device utilization, e.g. where esophageal speech is still standard of care. A larger sample size would also allow for the performance of statistical analyses of differences in reimbursement and Related to only the HME. device use across EU countries or intercontinentally (e.g. EU versus North-America). Conducting semi-structured interviews with surgeons, particularly non-users, could be a next step to deepen drivers to device prescription. In addition, device-related factors should be included as external factors in the TAM, as suggested by Venkatesh et al. to identify the impact of the device and its outcomes on prescription practices [19] .
Several implications for clinical practice come forth. Providing national reimbursement of HMEs in Poland and Italy is essential to increase utilization. In addition, introducing more flexibility in reimbursement systems such as the hospital budget and lump sum for the voice prosthesis in Poland and Belgium respectively could increase access to patients. Uniformity in device access and use in France, Germany, Italy and Spain could be achieved by national guideline implementation. At the physician level, increased workload during in the follow-up and rehabilitation phase could be alleviated by providing support from health professionals in countries such as Spain, Poland, France and Italy. Finally, physician's and patient's lack of training and experience with the device could be addressed during and after residency by means of continuous education.
Conclusion
In this mixed-methods study, factors associated with non-prescription were, apart from the absence of reimbursement -a key driver to effective patient access -, lack of training/experience and feeling uncomfortable with device use. Restrictive factors to device access were identified often in decentralized healthcare systems in countries such as Spain and Italy leading to lower device utilization. From this study, we recommend nationwide reimbursement and guideline implementation on both devices, and the availability of a rehabilitation team to support the physician in healthcare provision. Furthermore, inexperienced physicians as well as patients should be trained and educated e.g. by competent professionals and supported by manufacturers. For further research, it is recommended to gain more data from non-users, investigate device-related factors, and conduct interviews with physicians to deepen causality between external factors and actual use of the voice prosthesis and HME.
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